P[EDICLE]{.smallcaps} S[CREW]{.smallcaps} I[NSTRUMENTATION]{.smallcaps} {#sec1-1}
=======================================================================

First introduced by Boucher[@ref1] and popularized by Roy-Camille,[@ref2] pedicle screws were initially used in traumatic and neoplastic conditions of the spine due to their major advantage of providing 3-column vertebral stabilization. Their use was limited in scoliosis surgery to the lumbar and thoracolumbar spine because of the presence of larger pedicles. Their safety of use in the thoracic spine was considered questionable as the pedicles are small and deformed in the presence of scoliosis, the spinal canal is smaller in size, and the cord is more susceptible to injury compared to the cauda equina.[@ref3] The first step toward a wider use of pedicle screws was the introduction of hybrid constructs using thoracic hooks and lumbar screws which achieved significant improvement in scoliosis correction when used for double major curves compared to all-hook constructs.[@ref4] Techniques using pedicle screws could produce superior deformity correction in the coronal, axial, and sagittal planes with lesser risk of nonunion, implant failure, and curve recurrence, as well as the ability to perform shorter fusions and preserve spinal mobile segments.

C[LINICAL]{.smallcaps} S[AFETY]{.smallcaps} {#sec1-2}
===========================================

Initial series of hook/screw constructs reported good results in adolescent idiopathic scoliosis (AIS); however, the use of pedicle screws in the thoracic spine took longer to gain wide acceptance due to the difficulty of placement and associated risk of neurological or visceral injury.[@ref3][@ref5] A very narrow margin of error (\<1 mm translational and \<5° rotational) was predicted for pedicle wall violation during thoracic screw placement with high risk of canal intrusion or anterior vertebral body penetration.[@ref6] When accurately inserted, pedicle screws should not encroach on neural elements or migrate from the bony canal during correction maneuvers.[@ref7] Gertzbein and Robbins[@ref8] reported a safe zone of 4 mm (2 mm epidural space and 2 mm subarachnoid space) for pedicle screw passage. Kim *et al*.[@ref9] quoted 2-4 mm of cortical breach as safe encroachment. Previous cadaveric studies showed, however, no space between the pedicle and dural sheath.[@ref10] Papin *et al*.[@ref11] reported right foot resting tremor and dysesthesia affecting the legs of a patient who had 2 screws within 4 mm of medial wall breach. Removal of the misplaced screws resulted in resolution of the symptoms. A 2-mm encroachment on the spinal canal, corresponding to the thickness of the blade of laminar hooks, is generally considered safe in the thoracic spine and all efforts should be made to position pedicle screws within this limit.

Despite high rates of screw malposition, there has been a low reported incidence of major neurological and vascular complications requiring revision surgery.[@ref8][@ref12] Lateral wall breach is the most common (68%), followed by medial wall (14%) because the latter is 2-3 times thicker and offers more resistance.[@ref13][@ref14] The lateral wall, even if breached is buttressed by the rib in the presence of intact costo-transverse ligaments.[@ref15] Belmont *et al*.[@ref14] reported 99% of their screws to be fully contained (either ≤ 2 mm of medial cortical breach or an acceptable lateral cortical breach). Many studies have reported safety and effectiveness of pedicle screws since the initial report by Suk *et al*.[@ref16] Their use was found to be safe even in severe thoracic scoliosis above 100°.[@ref17][@ref18]

P[EDICLE]{.smallcaps} M[ORPHOLOGY]{.smallcaps} {#sec1-3}
==============================================

Anatomical studies have documented average pedicle width and length in the normal population;[@ref19] however, pedicle characteristics differ between individuals and are significantly affected by the type and severity of deformity. Clear understanding of pedicle morphology is essential for safe screw passage.[@ref16][@ref20] Due to frequent variation in normal morphometry, as well as the changes induced by scoliosis, a preoperative computed tomography (CT) scan may be useful in severe deformities to define pedicle anatomy. The pedicles often assume a wind-swept appearance in larger curves when the spine rotates toward the convexity of the scoliosis.[@ref15] The concave pedicles are smaller and anteriorly translated with maximum deformation across the apical levels. Medial angulation required for concave screw placement is limited by the space provided during the approach making a lateral breach more frequent and this carries the risk of visceral injuries. On the convex side, the pedicle is larger and posteriorly translated, offering a more vertical trajectory for screw insertion.[@ref15] In addition, the neural tube is shifted toward the concavity of the scoliosis with the dura placed adjacent to the medial cortex of the concave pedicles making screw placement on the convex side safer.[@ref21] Watanabe *et al*.[@ref22] described four types of thoracic scoliotic pedicles depending upon the width of cancellous channels: Large/adequate channel (type A), small/stenotic but cancellous channel (type B), cortical channel (type C), and slit/absent channels (type D). Convex pedicles are more likely to be type A or B compared to concave pedicles where screw positioning is easier to fail.

B[IOMECHANICAL]{.smallcaps} P[RINCIPLES AND]{.smallcaps} S[CREW]{.smallcaps} P[LACEMENT]{.smallcaps} {#sec1-4}
====================================================================================================

Pedicle screws have much greater pull-out strength when compared to hooks due to 3-column vertebral fixation. Pull-out strength depends upon the outer diameter of the screw, depth of vertebral penetration, insertion technique, as well as the patient\'s bone quality. A wider screw diameter increases screw pull-out strength.[@ref23] Ideal screw diameter in adults is 80% of the pedicle size.[@ref15] In adolescents, a screw up to 115% of the outside pedicle diameter can be inserted without causing pedicle fracture due to plastic deformation.[@ref24] Vertebral body penetration of 70% has been found to be optimal and avoids anterior vertebral wall breach and potential vascular or visceral injury.[@ref25]

Two screw passage trajectories have been described: (a) The straight-forward technique (screw parallel to vertebral end plate), (b) the anatomical technique (screw in line with pedicle axis); the straight-forward technique has at least 39% higher maximal insertional torque than the anatomical technique.[@ref26] White *et al*.[@ref27] described the pedicle-rib unit which has higher transverse diameter than the pedicle alone, and can be used for safer insertion of pedicle screws by deliberately breaching the lateral wall (in-and-out technique). This can be used as salvage technique in the presence of type C/D pedicles mostly at the concave apex of severe scoliosis or at the most cephalad levels in young patients. However, this technique allows only vertebral body fixation and therefore, decreases pull-out strength by 25% increasing the risk of concave screw cut-out during correction maneuvers. Under tapping the pedicle by 1 mm usually increases maximal insertional torque by 93%.[@ref28] Implant loosening and failure can occur due to low bone mineral density (BMD). Higher resistance to axial and tangential loading was found with pedicle screws, when compared to laminar or pedicle hooks with BMD \> 100 mg hydroxyapatite/ml.[@ref29]

Optimal screw insertion, especially in the thoracic spine depends upon the experience of the surgeon. Even in the presence of a low margin of error, the visual and tactile feedback of the surgeon improves containment of the screws.[@ref5] The use of fluoroscopy increases the accuracy of screw insertion, although radiation exposure is high.[@ref30][@ref31] Intraoperative CT guidance has been used effectively to reduce screw misplacement. Breach and revision rates of thoracic pedicle screws are significantly lower with the use of a navigation system. However, these systems increase the cost of surgery and are not available at most spinal centers.[@ref32] Free-hand techniques relying on anatomical landmarks have been described to minimize radiation exposure.[@ref16][@ref20][@ref21]

We routinely place all pedicle screws through a free-hand technique with the pedicle entry point from T1 to T5 at the junction of the bisected transverse process and the lateral margin of the facet joint and from T6 to T10 at the junction of the upper to the middle third of the transverse process and the lateral margin of the facet joint. Pedicle screws at T11 and T12 are inserted with the entry point at the base of the superior facet and in the lumbar spine at the junction of the transverse process, pars interarticularis, and the superior facet. The pedicle canal is felt for bony continuity in all directions before screw placement. We confirm adequate screw positioning with anteroposterior and lateral imaging before engagement of the rods and correction maneuvers. In our experience, there is a steep learning curve for insertion of thoracic pedicle screws. Even though we do not routinely check the accuracy of screw placement with CT scans, the primary author has not had any postoperative pedicle screw-related neurological or visceral complications with approximately 10,000 pedicle screws inserted to present. Meticulous and consistent surgical technique, as well as use of intraoperative somatosensory/motor monitoring and imaging has considerably reduced the neurological complication rate.[@ref32]

S[COLIOSIS]{.smallcaps} C[ORRECTION WITH]{.smallcaps} P[EDICLE]{.smallcaps} S[CREWS]{.smallcaps} {#sec1-5}
================================================================================================

Suk *et al*.[@ref16] described scoliosis correction with all-pedicle screw constructs using: (a) Global rod de-rotation, which corrects the deformity in the coronal and sagittal planes (Cotrel-Dubousset maneuver CD), and (b) direct segmental vertebral de-rotation which adds axial plane correction achieving a more physiological spinal contour. The use of quadrilateral frames, vertebral column manipulators, and vertebral co-planar alignment techniques describe correction of rotational deformities by slotted rods or mounts based on the same principles.[@ref33]

Initial description of such techniques suggested the use of segmental pedicle screws bilaterally across the levels of the fusion for optimum deformity correction \[[Figure 1](#F1){ref-type="fig"}\]. It is now evident that such high implant density is not necessary to correct scoliosis other than probably for extreme and rigid curves.[@ref34] Strategically placed screw anchors gain popularity as these reduce the risk of neurological and visceral complications, surgical time and blood loss, implant density directly related to risk of infection, and implant cost. In our practice, we use segmental screw fixation over one side of the construct in order to achieve deformity correction, while the second rod has a supportive role and is attached to the spine through 2-level screw stabilization at the proximal and distal ends of the instrumentation. In a series of 212 consecutive patients operated by the senior surgeon (AIT), we demonstrated that the use of unilateral segmental pedicle screws over a "corrective rod" with the contralateral "supportive rod" secured to the spine through a 2-level fixation at the proximal and distal ends of the construct can achieve comparable scoliosis correction and patient satisfaction to a bilateral segmental pedicle screw technique which carries a higher neurological risk and significantly increases surgical time, intraoperative blood loss, and instrumentation cost.[@ref35] Convex screws are safer to position due to the anatomical considerations of the pedicles, as well as the concave displacement of the neural axis and in our experience, they produce comparable coronal and sagittal deformity correction to concave screws \[[Figure 2](#F2){ref-type="fig"}\].

![Posteroanterior (a) and lateral (b) radiographs of the spine of a female adolescent patient show a primary right thoracic compensatory left lumbar scoliosis with associated lumbar hyperlordosis. A posterior spinal fusion using bilateral segmental pedicle screw/rod instrumentation and iliac crest bone achieved good deformity correction and a balanced spine in the coronal and sagittal planes (c-d)](IJOrtho-47-219-g001){#F1}

![Posteroanterior (a) and lateral (b) radiographs of the spine of a female adolescent patient show a severe right thoracic and left lumbar scoliosis. The patient underwent a posterior spinal fusion using bilateral rod instrumentation with convex segmental pedicle screw fixation allowing for correction maneuvers and the concave supportive rod augmenting the construct. This produced good deformity correction and a balanced spine in the coronal and sagittal planes (c-d)](IJOrtho-47-219-g002){#F2}

All-screw constructs have achieved superior correction in the coronal and axial planes when compared to hook instrumentation. Suk *et al*.[@ref16] reported major curve correction of 72% using an all-screw construct compared to 55% in all-hook instrumentation. Loss of scoliosis correction at followup was also less (1% and 6% respectively). Kim *et al*.[@ref4] documented significantly better major curve correction with all-screw when compared to hybrid constructs; this was associated with significant improvement in pulmonary function due to better chest alignment. Lowenstein *et al*. compared all pedicle screw with hybrid constructs (thoracic hooks/lumbar screws) and found a trend toward better correction with the former.[@ref36]

There is controversy in terms of the ability of all-screw instrumentation to restore thoracic kyphosis due to its stiffness, which does not allow settling of the disc spaces that occurs with all-hook constructs. Kim *et al*.[@ref4] and Vora *et al*.[@ref37] found a reduction in thoracic kyphosis in patients treated with pedicle screws. Quan and Gibson[@ref34] showed that increased thoracic scoliosis correction occurred at the expense of sagittal balance resulting in hypokyphosis. There are, however, previous reports of improved thoracic kyphosis after scoliosis correction using all-pedicle screw as opposed to all-hook instrumentation.[@ref36][@ref38][@ref39]

Besides producing good correction, all-screw constructs may save distal mobile levels. In the treatment of single thoracic curves, fusion can be limited to the neutrally rotated vertebra or the one above instead of extending to the stable vertebra (which is the vertebra most closely bisected by CSVL Central Sacral Vertical Line).[@ref40] Kim *et al*.[@ref4] reported saving an average of 0.8 vertebral levels with pedicle screw constructs. All-screw constructs may also prevent crankshaft phenomenon in young patients.[@ref41][@ref42] All-hook or hybrid constructs are not stiff enough to arrest continuous anterior vertebral growth after posterior arthrodesis. The use of pedicle screw systems has limited the need for anterior spinal release even in severe and rigid curves 70-100°.[@ref17]

C[OMPLICATIONS OF]{.smallcaps} P[EDICLE]{.smallcaps} S[CREWS]{.smallcaps} {#sec1-6}
=========================================================================

Pedicle screw-related complications may occur due to initial screw malposition or screw pull-out during correction maneuvers resulting in neurological, vascular or visceral injury, as well as loss of stability in the postoperative period. Screw misplacement is the most common complication (up to 15.7%) associated with thoracic pedicle screw passage in AIS.[@ref43] Medial, lateral, or anterior cortical breach may result in serious complications which can be life-threatening. A medial breach, reported from 1.7-14%, may lead to dural leaks and/or neurological injury, especially when this occurs at the levels of the spinal cord (1.2-3%).[@ref20][@ref21][@ref43][@ref44] A lateral or anterior vertebral penetration may result in acute or delayed perforation of the aorta, inferior vena cava, iliac vessels, lumbar arteries, esophagus, lungs, ureter, and bowels.[@ref3][@ref5][@ref45][@ref46][@ref47][@ref48][@ref49][@ref50][@ref51][@ref52][@ref53] The risk of visceral and neural injury is highest from T4 to T7 because the pedicle channels are narrowest across these levels. Proximity of great vessels along with a narrow spinal canal increases the potential risk of injury. Despite the high risk of screw misplacement, most of the complications are sporadic and have been published as single case reports. Death after cardiac tamponade due to penetration of the coronary artery by a pedicle screw has been reported.[@ref54] One temporary neurological complication was reported among 1666 patients treated with pedicle screw constructs.[@ref21] The rate for revision for screw malposition has ranged from 0.83% to 4.3% for asymptomatic intrathoracic screw placement, pleural effusion, transient paraparesis, and penetration of the anterior vertebral body.[@ref43] This rate of complications may appear to be low and possibly does not reflect the general practice as most of the reports originate from high-volume spinal centers with experienced surgeons. The technique of scoliosis correction with pedicle screw instrumentation has a distinct learning curve and should be practiced only after proper training. Meticulous surgical technique, adequate imaging, and intraoperative monitoring are mandatory to minimize complications.

S[URGICAL]{.smallcaps} C[ONSIDERATIONS]{.smallcaps} {#sec1-7}
===================================================

Anterior scoliosis surgery {#sec2-1}
--------------------------

Anterior spinal fusion in AIS is usually indicated: (a) To arrest anterior vertebral growth in very young and skeletally immature children in order to prevent crankshaft effect, (b) increase flexibility and allow for correction of very rigid curves, and (c) reduce the number of vertebrae that need to be included in the fusion and preserve spinal mobility.

### Thoracic scoliosis {#sec3-1}

Anterior release followed by posterior instrumented fusion allows better correction of severe AIS, especially if all hook or hybrid instrumentation is used. This can be performed through an open thoracotomy with complete excision of the discs and adjacent end plates across the apex of the curve back to the posterior longitudinal ligament. Simultaneous access to perform an internal thoracoplasty adds the additional benefit or removing consecutive rib heads across the apical levels of the scoliosis and improves the cosmetic outcome of the procedure. Disadvantages include increased total surgical time, blood loss, hospital and intensive care unit (ICU) stay, pulmonary compromise at least immediate postoperatively, and greater patient morbidity due to the two procedures, even when these are performed under the same anesthetic. Primary contraindication to anterior spinal surgery is inadequate pulmonary reserves which require a careful preoperative cardiopulmonary assessment.[@ref55] Betz *et al*.[@ref56] compared the results of anterior instrumentation with that of posterior multisegmented instrumentation for the correction of thoracic AIS and concluded equal coronal correction and balance with both. The advantages with anterior instrumentation included better correction of sagittal profile in patients with preoperative hypokyphosis less than 20° and an average saving of 2.5 lumbar levels.

Video-assisted thoracoscopy (VATS) has been promoted as an alternative to conventional thoracotomy but its theoretical advantages of better cosmesis and less surgical trauma are negated by increased operative time and ICU stay, as well as the inability to perform same extent of anterior release through a closed technique.[@ref55][@ref57] Pulmonary function following VATS, although significantly preserved initially has been comparable to open surgery at final followup.[@ref58] In addition, this technique has a steep learning curve for the surgeon and requires instruments that are not available in every Spinal Center. In the current context of all-pedicle screw constructs, the need for anterior release has been limited as severe curves ranging 70-100° can be corrected through posterior-only approaches.[@ref17]

### Thoracolumbar/lumbar scoliosis {#sec3-2}

Thoracolumbar and lumbar curves of average severity can be well-corrected by an anterior instrumented fusion. Potential advantages include saving mobile spinal segments both proximally and distally, achieving better deformity correction due to more effective direct vertebral derotation once the discs across the curve apex have been excised, as well as reducing the risk of proximal junctional kyphosis \[[Figure 3](#F3){ref-type="fig"}\]. Historically, anterior instrumentation introduced by Dwyer[@ref59] and Moe *et al*.,[@ref60] used single soft rods and had limited ability to correct the deformity while producing a kyphogenic effect and high rates of pseudoarthrosis.[@ref61] Addition of an anterior 3.2 mm threaded rod improved the derotational effect but continued to have high rates of nonunion.[@ref62] The introduction of solid rods produced good coronal correction and reduced the kyphosing effect when used in conjunction with anterior structural support including freshfrozen tricortical iliac, fibular, and femoral ring or autologous rib grafts, as well as titanium mesh cages.[@ref63] When the transvertebral anterior screws are positioned posteriorly and compressed over the rod with the intervening graft in place, the anterior disc spaces are opened and lordosis can be restored. The screws should be bicortical at all levels to maximize bone purchase. Recent addition of two solid rods enhanced coronal correction and fusion rates.[@ref64]

![Posteroanterior (a) and lateral (b) radiographs of the spine of a female adolescent patient show a thoracolumbar scoliosis. An anterior spinal fusion using a convex rod and segmental transvertebral screws, as well as rib autograft in the disc spaces produced excellent deformity correction and a balanced spine in the coronal and sagittal planes (c and d)](IJOrtho-47-219-g003){#F3}

Hall *et al*.[@ref65] introduced the concept of short fusion in very flexible curves. If the scoliosis apex is at a vertebral body, an additional body above and below are included in the fusion; when the apex is at a disc, the fusion extends to incorporate four vertebral bodies and three discs. However, the curves amenable to this treatment are few and difficult to identify. This concept may also produce kyphosing effects over the fused segments.[@ref65] Shufflebarger *et al*.[@ref66] described a method of wide posterior releases which include excision of the interspinous ligament, ligamentum flavum and facet joints as an alternative to anterior release along with posterior instrumentation. Better results were achieved with the use of pedicle screw instrumentation.

Thoracoplasty {#sec2-2}
-------------

The aim of thoracoplasty is to reduce the rib prominence across the convexity of major thoracic curves as the chest wall deformity remains often unacceptable even after adequate scoliosis correction has been achieved with modern techniques. The data in the literature remain contradictory with studies reporting a negative effect of thoracoplasty on pulmonary function,[@ref67] while other reports suggested superior rib hump correction and higher patient satisfaction with insignificant respiratory compromise.[@ref68] Concave rib resections have also been used in an attempt to release rigid apical scoliotic deformity and allow for better curve correction but have been associated with increased pulmonary morbidity.[@ref69] In contrast, Saleh *et al*.[@ref70] reported improved respiratory function following scoliosis correction when concave rib osteotomies were performed. In the authors' experience, convex thoracoplasty can produce consistently better cosmetic results when performed anteriorly as part of an anterior spinal release as opposed to posteriorly as this allows complete resection of the rib heads and adjacent 2 cm of the apical ribs. We have experienced worst results when we performed a posterior thoracoplasty to address acutely sharp rib humps which are located far later to the spine; in some of these patients, the excised ribs healed in an even sharper angle producing a more unacceptable deformity and patient dissatisfaction.

Vertebral column resection {#sec2-3}
--------------------------

Circumferential Vertebral Column Resection (VCR) coupled with concave rib osteotomies and convex thoracoplasties was popularized by Bradford[@ref71] for correction of severe and rigid curves not amenable to combined anterior and posterior disc releases. This is a formidable last-resort technique associated with severe potential complications including dural tears, arachnoiditis, transient neurological weakness, wound infections, pulmonary compromise, and pneumonia.[@ref71] More recently, posterior VCR has been described and has achieved dramatic deformity corrections.[@ref72][@ref73] Posterior VCR creates a gap in the vertebral column by excision of the posterior and anterior bony elements, as well as the intervening discs across one or more segments that needs to be reconstructed by an anterior cage and bone grafting followed by posterior instrumented fusion.[@ref72] This procedure is technically demanding and may be associated with severe neurological and medical complications. Suk *et al*.[@ref72] who pioneered this technique reported complete spinal cord transection in two of their patients undergoing posterior VCR; other complications included hematoma with cauda equina syndrome, nerve root injuries, wound infection, hemo- and pneumo-thorax. There were five fixation failures which required prolonged immobilization in cast.[@ref72]

Selection of fusion levels {#sec2-4}
--------------------------

The traditional Harrington technique was based on the concept of fusing the spine within the stable zone which lies between two vertical lines drawn perpendicular to a line joining the iliac crests beginning from the lumbosacral facets.[@ref74] The fusion was recommended from one level above to 2 levels below the measured curve, if the end vertebra lied within this zone. Ferguson[@ref75] suggested fusion between vertebrae that had parallel distant surfaces. Moe[@ref76] suggested extent of fusion to include the rotationally neutral vertebrae at the proximal and distal ends of the scoliosis.

In the era of modern instrumentation which provides rigid segmental fixation, it has been possible to limit fusion levels and preserve spinal mobility. The concept of selective fusion refers to the fusion of only the structurally major curve which has a greater Cobb angle and significant vertebral rotation, is more rigid, and deviates from the midline while leaving the spinal segments along the minor curves unfused.[@ref77] Selective fusion can be performed for major thoracic scoliosis (King type 3 and 4) with an associated small and flexible compensatory lumbar curve. It can also be done for major thoracolumbar/lumbar scoliosis with a compensatory minimally rotated and correctable thoracic curve. A structural thoracic curve that imparts shoulder asymmetry, produces a sharp rib-hump deformity, and is stiffer on supine bending films should be included in the fusion. In the event of a selective fusion, slight under-correction of the primary curve across the levels of the instrumented fusion is desirable to achieve balancing of the spine over the thoracic and lumbar components of the deformity. King *et al*. proposed selective fusion extending to the stable vertebra distally.[@ref78] If the lumbar spine requires to be fused, the distal limit should preferably be L3 or L4 to preserve as many motion segments as possible. In double thoracic curves (King type 5), the inclusion of the proximal curve in the arthrodesis depends upon its structural characteristics. The usual curve pattern is right lower thoracic and left upper thoracic scoliosis. A higher left shoulder and inability to correct to less than 25° on supine bending films make grounds for inclusion of the proximal thoracic curve in the instrumented arthrodesis.

Lenke\'s classification has allowed better-defined criteria for selective fusion.[@ref77] Minor curves are included in the fusion only if these are structurally defined by inflexibility of the curve to ≥ 25° on supine bending films or hyperkyphosis ≥ 20° on a lateral view. Selective fusion can be performed predictably for type 1C, 2C, and 5C curves. For a selective thoracic fusion to be successful in type 3 scoliosis, the thoracolumbar/lumbar curve should be small, more flexible, minimally rotated, and translated from the midline. In Lenke, type 3C and 6C scoliosis where both the thoracic and thoracolumbar/lumbar curves are structural, additional radiographic criteria can be used including the ratios of Cobb angle measurements, apical vertebral translation (AVT), apical vertebral rotation (AVR), and lower instrumented vertebra angle. Selective thoracic fusion can be successful in type 3C scoliosis if the ratios of Cobb angle, AVT, and AVR measurements for thoracic: Thoracolumbar/lumbar curves are ≥ 1.2. In type 6C scoliosis, selective thoracolumbar/lumbar fusion can be successful if the same ratios for thoracolumbar/lumbar: Thoracic curves are ≥ 1.25. Ratios approaching 1 imply almost equal curves in magnitude and structural characteristics, thereby increasing the risk for a selective fusion to fail.

Spinal decompensation {#sec2-5}
---------------------

Spinal decompensation after scoliosis correction can affect the coronal or the sagittal planes. Coronal decompensation can occur following short selective fusions for double curves when the thoracic and lumbar components are similar in size and structural measurements.[@ref79] In these circumstances, the minor curve may not adapt after fusion of the major scoliosis leading to progressive deformity and decompensation. Other causes include overcorrection of the major curve, which the minor curve is unable to compensate for. King type 2 and double major scoliotic patterns are especially prone to produce decompensation after selective fusion due to flexibility difference between the lumbar and thoracic components of the deformity. A double thoracic scoliosis may also lead to decompensation if the structural nature of the proximal curve is underestimated. Selective fusions are less effective in skeletally immature patients, particularly those with open tri-radiate cartilage and Risser 0, as a compensatory curve can develop into a structural deformity during the remaining growing years.

Sagittal decompensation producing a flat back deformity was a common complication of the Harrington technique. The use of segmental hook or screw instrumentation can also produce decompensation in the sagittal plane in the form of junctional kyphosis.[@ref80] This can be due to: (a) Destruction of the interspinous/supraspinous ligaments and proximal facets above the most cephalad instrumented segment, (b) failure to restore normal thoracic kyphosis and stopping the arthrodesis at a level of the thoracic region which is posterior to the weight-bearing axis of the spine, (c) not including the proximal sagittally tilted end vertebra in the fusion and applying excessive compression to the last instrumented vertebra. Fusing all levels which are sagitally tilted and prevention of the instrumentation ending at apical zones both sagittal and coronal can prevent decompensation.[@ref80]

Fusionless surgery {#sec2-6}
------------------

Ongoing research is focused on fusionless techniques to modulate spinal growth and avoid or delay the need for fusion. Epiphysiodesis on the convex side with stapling of the anterior vertebral growth plates is a novel method, whose effectiveness needs to be proved and guidelines for patient selection and indications need to be clearly defined.[@ref81] Growing rod techniques are widely used to delay the fusion surgery in patients with infantile or juvenile scoliosis but have very limited role in AIS.[@ref82]

O[UTCOME]{.smallcaps} M[EASURES OF]{.smallcaps} S[URGICAL]{.smallcaps} T[REATMENT]{.smallcaps} {#sec1-8}
==============================================================================================

Health-related quality of life questionnaires, such as Short Form (SF)-36 have been designed to measure outcomes and efficacy of treatment methods in scoliosis. SF-36 had several psychometric shortcomings, overlapping domains, insufficient validation and was difficult for the patient to complete.[@ref83] These limitations have been addressed by the introduction of the Scoliosis Research Society-22 (SRS-22) questionnaire, which has been widely used in the analysis of clinical and functional outcomes, and patients' satisfaction.[@ref84] The SRS-22 scale comprises of a total score, as well as five domains including function, pain, self-image, mental health and satisfaction after treatment.[@ref84]

Personal satisfaction and self-esteem are important parameters of human life. Low self-esteem, depression, feeling of loneliness, increased incidence of suicidal thoughts and alcohol consumption have been reported in teenagers and young adults with AIS.[@ref85] Surgical treatment can lead to improvement in self-confidence and life satisfaction when compared to lack of management.[@ref86] An improved self-image has been found to be the greatest benefit of surgery in AIS.[@ref86] Cosmetic satisfaction following surgery has been related to better deformity correction which is maximized with the use of pedicle screw instrumentation.[@ref87]

Mechanical back pain can affect up to 3/4 of adolescents with idiopathic scoliosis and this has been significantly reduced 2 years after posterior correction.[@ref88] Long term studies reported no increase in pain after posterior fusion for AIS with Harrington instrumentation.[@ref89][@ref90][@ref91][@ref92][@ref93][@ref94] Backache and functional status 21 years following posterior scoliosis correction were found to be comparable to normal individuals.[@ref89] Cochran *et al*.[@ref95] recorded a co-relation between postoperative pain and distal extent of fusion; patients reported pain at a rate of 25% when the fusion stopped at L1, 30% at L2, 39% at L3, 62% at L4, and 82% at L5 compared to 53% age-matched healthy controls. Bartie *et al*.[@ref96] also noted that distal fusions were associated with more pain than controls. Selective fusions using pedicle screw instrumentation can save fusion levels and may reduce incidence of postoperative back pain; however, data on long term outcomes are not as yet available. An analysis of patients who underwent anterior instrumented fusion for thoracolumbar and lumbar AIS after 17 years revealed good SRS and Oswestry scores.[@ref97] The patients were able to pursue their career and family activities despite degenerative changes. Danielsson and Nachemson[@ref98] found no difference in the rate of marriage and child bearing between operated AIS patients and controls.

C[ONCLUSION]{.smallcaps} {#sec1-9}
========================

The surgical treatment of AIS has been revolutionized over the last few decades from the initial un-instrumented *in situ* fusions to the use of modern pedicle screw constructs which can achieve and maintain dramatic deformity corrections. The application of current advanced correction techniques requires extensive surgical training and a wide multidisciplinary set-up of resources in order to secure clinical safety and produce optimum results. It is important to keep in mind that for any type of scoliosis, the amount of correction reflects a measure of technical competence but does not necessarily relate to patient satisfaction which is the primary goal of surgery. Therefore, surgical results have to be assessed through outcome measures which represent patients' perception on the success or failure of treatment. Scoliosis surgery has entered an era when spinal surgeons have to justify their practices based on outcomes as demonstrated through patient quality-of-life assessments. Cost implications have to be taken into account as health economics play increasingly a determining role in provision of care within modern health systems. The future of treatment in AIS may lie in early diagnosis of those children who are likely to develop a scoliosis through genetic counseling and those curves which carry greater risk of progression followed by instigation of early conservative or fusionless techniques. Spinal fusion will hopefully be limited only to a minority of patients who, despite all measures develop progressive severe scoliosis.
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